Vision based quality inspection emerged as a prime candidate in beverage manufacturing industry. It functions to control the product quality for the large scale industries; not only to save time, cost and labour, but also to secure a competitive advantage. It is a requirement of International Organization for Standardization (ISO) 9001, to appease the customer satisfaction in term of frequent improvement of the quality of products and services. It is totally impractical to rely on human inspector to handle a large scale quality control production because human has major drawback in their performance such as inconsistency and time consuming. This article reviews defect detection using image processing techniques for beverage manufacturing industry. There are comparative studies on techniques suggested by previous researchers. This review focuses on shape defect detection, color concentration inspection and level of liquid products measurement in a container. Shape, color and level defects are the main concern for bottle inspection in beverage manufacturing industry. The development of practical testing and the services performance are also discussed in this paper.
INTRODUCTION
Visual-based defect detection is an effective technique to detect and to classify the defect in various industrial product [1] . It can be used for three things such as the quality control program, the data acquisition as well as the data analysis. Visual inspection is a simple technique but its contribution toward industries is surprisingly high [2] because this technology produces a competitive good and produces a standard quality of product [3] . Visualbased defect detection technology improves the quality of the product and the management of industry. Therefore, it has been used widely in the manufacturing industries when it involved the inspection of the quality of the product. This industry demanded a high standard of quality and a strict uniformity index for the product; which means that the good must be produced without defect. Hence, visual-based defect detection is carried out to assess the quality of the product by referring a set of standard products [4] . There are two types of visualbased defect detection; the manual inspection and the automated one. Both kind of inspections have their own advantage and disadvantage towards the manufacturing industry.
The manual inspection is a hundred percents process conducted by a human operator, whose role is to inspect and to monitor the quality of the product [5] . This approach has been used in this industry before the existence of the automatic visual inspection. The activities in this manual inspection will involve search the defect, recognize the fault and make the best decision [6] . Thus, the training for quality inspection is essential to improve the skill of inspection and to reduce errors during the manufacturing process. The human operator has been trained appropriately to enhance their performance during the process of quality inspection. They need to learn how to identify the product with defects and then to make an immediate decision either to accept or to reject or to rework the defect part.
The performance of the human operator are measured based on many aspect such as their skill ability, their knowledge, their health condition, their confidence level and their personal experiences [7] . The affected performance of the manual inspection are due to job-related factors, the managerial factors, the ecological factors, the motivational factors, and the individual factors [8] . Moreover, human inspectors are slow and became ineffective when they are completing the task that required a longer time [9] . They are either affected by fatigue or sickness or human weaknesses [10] . Hence, they need frequent rest to maintain a high-performance level.
The automated inspection, contrarily is using the computer vision to control the product quality during the manufacturing process [11] . This automatic inspection is a monitoring system that improves the quality of operations of the industry [12] . Recently, many manufacturing industries have changed their quality control inspection from the manual inspection into the automated one [13] . As a result, this automated inspection has reduced the execution time and the computational cost as well as achieved a ninety nine percents error free [14] . This automated inspection also gives better and immediate decisionmaking either to accept or to reject the product.
During the manufacturing process, an automated inspection is integrated with the quality control inspection to achieve the excellent result in detecting the defect of the product [15] . Compared to the manual one, the automated inspection offers more advanced capability including the elimination of human errors and at the same time increased productivity [16] . Thus, the accuracy of inspection increased throughout the usage of the automated inspection in the manufacturing process [17] .
An example of automated quality inspection system is illustrated in Figure 1 . Based on the figure, the image of the object, which had been carried out using a conveyer, is captured by webcam. In order to ensure that the object image is captured at proper position, a sensor is used to stop the conveyer at the desired place. In addition, a light source is placed together next to the webcam to ensure that the image is getting enough illumination. Then, the captured image will be stored in the personal computer (PC) folder for the next activity, an image analysis.
Figure 1
Example of an automated quality inspection system [18] The defect detection uses integrated technology of image processing, exactitude measure, pattern recognition and artificial intelligence to classify the product quality has been broadly applied in beverages industries [3, 4, 6] . The defect inspection can be categorized into classes such as bottle shape, color concentration, liquid level, bottle cap inspections and label verifications. Currently, the automated inspection system in beverage industry can only be performed in one type of inspection [19, 20] . If the industry has three inspections at one time, three systems are needed to be installed in production line. Hence, additional cost is needed to perform the inspection process. Therefore, appropriate image analysis technique that integrates all inspections at one time with high accuracy is necessary to provide efficient inspection system. Small and Medium Enterprise (SME) is industry that seen as vital actor in increasing the innovation, competitiveness and establishment for developing economic growth [21] . Generally, SME in beverage industry is fully utilized the manual product inspection due to the lack of capital. However, this limitation has made SME produces the product with low specification and without follow the ISO 9001 standard. By implementing automated inspection, it will be able to control the quality of the products with fast delivery to the customer [22] . Camera based inspection with image processing capability is a valuable tool that can provide SME with vision-based inspection customized exactly to their needs with lower cost.
This paper aims to review and discuss the understanding of image processing techniques for product inspection in the beverage manufacturing industry. Furthermore, the explanation of the automated defect detection and segmentation techniques for the inspection system are included. A large number of studies and research activities for product quality improvement are studied. The comparison between certain techniques are described to gain enough information in this field. Thus, this extensive review is carried out in order to provide high accuracy result and able to be implemented in real-time application for beverage manufacturing industry.
AUTOMATED QUALITY INSPECTION TECHNIQUES
Several automated quality inspection techniques such as an adaptive thresholding, a gray level cooccurrence matrix, a morphological operation and an Otsu's thresholding are proposed by previous researchers for defect detection [23] . There are many types of focus in the product quality inspection such as shape, texture, color, level, size, and material. However, only three types of inspections are focused in these researches which are shape, color, and level defects because this three categories are the main concern for bottle inspection in beverage manufacturing industry [24] - [26] .
Shape Inspection
Shape is a visual image of the basic feature used to describe image information [27] . The variety of shape features are evaluated by how accurately the similar shape is retrieved from the designated database. Reviews from previous research made some comparison on the shape inspection system technique. Ramli et al. [28] proposed the shape detection using a partial erosion-based technique to automate the shape segmentation process of plastic bottle. This technique involved a morphological and an erosion process to segment the bottle shape and to extract the features from the segmented image as illustrated in Figure 2 . In classifying the shape of the bottle, the multilayer perception (MLP) neural network is applied because of its preciseness for feature recognition tasks. The accuracy of the proposed technique is more than eighty percents. It shows that the partial erosion-based will give better segmentation result in detecting the shape of plastic bottle either broad or slim. However, the partial erosion-based technique is inefficient as well as gives a bad effect to the image especially when the partial erosion is set less than fifty percents or more than hundred percents. The statistical histogram based Fuzzy C-means (SHFCM) is suggested by Moradi et al. [29] to identify the apple defect for fruit quality inspection. The process started with the conversion of red, green and blue (RGB) image into L*a*b color space. Then, use the active counter model (ACM) to segment the apple shape. Lastly, SHFCM is used to classify the healthy and the defect apple. The experimental result shows that the accuracy achieved to detect the healthy apple is 96% and the defect apple is 91%. This proposed technique proves the capabilities to characterize the apple based on healthy or defective condition. It is also consuming less time to process the algorithm. Nevertheless, SHFCM is the combination of the statistical histogram and the fuzzy c-means which makes the algorithm is more complex and prone to misclassified as a healthy and a defective apple.
Gonydjaja et al. [30] developed an automatic rectangularity defect detection for ceramic tile using the morphological operation technique. The image analysis includes pre-processing, segmentation, feature extraction, defect measurement and ceramic quality classification. In order to separate the tile object and the background image, the morphological operation is performed using the operation opening, the filling and the closing. The rule-based classifier is used to classify the quality of the ceramic tile. The defect and the standard measurement are compared and reached 93% accuracy for rejected ceramic tile. The experimental result shows that the proposed technique can be applied in ceramic tile classification system. The limitation of morphological operation is difficult to detect small defect and inefficient to be implemented for real-time processing.
Different to Abdellah et al. [31] , they proposed support vector machine (SVM) approach to detect a defect and to identify textile fabric. The pre-processing step has convert RGB image into a greyscale image and has enhanced the contrast of the image by using histogram equalization technique. Then, the Otsu's thresholding is applied to segment the image into several regions in order to locate the spot of the defect in the textile fabric image. The morphology operator is used to remove the noise and the unwanted small object that present in the image. The classification results of this experiment obtained 95% accuracy in detecting the defect of the textile fabric. It proves that this proposed technique is successful to classify the defect and also successfully function for the textile fabric detection system. However, this technique needs to combine with other appropriate technique in order to get the high-quality image in large of numbers. The combination of two techniques will produce a highly competent system in computational complexity.
Sahar et al. [32] used an adaptive thresholding and the morphological operation techniques to develop an automated system to detect breast cancer lesions. The adaptive median filter is applied at the preprocessing stage to reduce the unwanted noise and maintain the quality of the image pixels. The segmentation process is using the adaptive thresholdng to separate the intended object and the background image. In extracting the image features, the morphological operations is used to extract the features such as region, shape and size from the breast cancer image. The results obtained are then compared to the manual Region of Interest (ROI) which was done by an expert. This technique has achieved 95.19% and proves that the system is competent to detect the breast cancer lesion. But, the disadvantages of this system is it could not segment the breast cancer lesion properly at the high-intensity area of image and it is incapable to detect the small object. Table 1 summarize the review for shape inspection system. 
Colour Inspection
Most of the foods and the beverage products are part of the color inspection system. The color inspection using image processing technique is applied to inspect the defective color on the surface of the product [33] . Previous researchers have developed different systems for different applications in inspecting color of the product. Tang [34] proposed region growing technique to segment the color image in order to increase the color image application. The process started with the conversion of a color image into specific color range. Then, the watershed technique is applied to initialize segmentation process. Next, it will automatically select the seed region by referring certain condition and grow the region until the latter become consolidate. The results show that the proposed technique can obtain better segmentation and can be implemented for color image application. However, this technique required longer time to process the algorithm and sometimes it over-segment the image. Wang et al. [35] recommended fuzzy c-means (FCM) with support vector machine (SVM) to segment and to classify the color image. The first stage of the process is putting the pixel level and the texture of color image extracted by using local homogeneity model and Gabor filter. Then, the process is continuing with FCM clustering technique to segment the color image and then, the segmented image will be used as training sample. In obtaining the classification results, SVM is employed to classify the color of the image based on the pixel level information. The accuracy of the experimental result is 96%. It proves that the proposed technique offers high accuracy segmentation result. Nevertheless, the higher number of training sample takes longer time to process the sample. The proposed technique also is less effective on the noise image.
A study of Dubey et al. [36] , suggested K-means clustering technique for the infected fruit part detection and to replace the manual inspection that has been used in the industry. The transformation of RGB color image into L*a*b color space is applied in the pre-processing stage. In order to classify the colors, K-Means clustering technique is used and the other two different colors are measured by using Euclidean distance metric. Each pixel is labeled with its cluster index by referring to the K-means result. The segmented images are then separated according to the pixel label. The cluster number is applied to show the result of a different images. Based on the performance evaluation, the proposed technique shows it can segment the color precisely in order to detect the fruit defect. But, the unsuitable K-value selection may causes under-segmentation or oversegmentation for the image.
Capizzi et al. [37] proposed the automatic fruit defect classification based on gray level cooccurrence matrix (GLCM) and the radial basis probabilistic neural network (RBPNN) to be applied in fruit industrial application. The fruit is classified based on shape, color and texture. To determine the shape features, RGB image is converted into a grayscale image and the threshold value is set 1 or 0. Color features are extracted by using the conversion of RGB image to HSV image. The mean and the standards deviation value are calculated to classify the color of the fruit. GLCM technique is applied on the image to extract the texture features. The results from the shape, the color and the texture features are classified using RBPNN classifier technique. Through this technique, 97.25% accuracy is achieved. Due to high number of samples available, a large memory size is required and a lot of time is needed to complete all the process.
Yamin et al. [38] suggested blood group detection as shown in Figure 3(a) , to classify the blood group color detection. The pre-processing step introduces conversion of RGB image into hue, saturation and value (HSV) image. Then, the HSV image is converted into a grayscale image to calculate the threshold value of the image. The morphological operation technique is applied to segment the image by removing the unwanted object and to restructure the image as shown in Figure 3(b) . The vertical histogram is developed to identify the region of blood image. The density of the white pixel and total number of the object in a segmented image are calculated and will be used in the classification stage. For the classification of blood group, the rule-based classifier technique is implemented by setting the density threshold value and the objects threshold value. The result obtained a 98% high accuracy from the performance verification. However, using the proposed technique will reduces the quality of the image and it became inefficient during real-time processing. Table 2 summarize the review for the color inspection system. 
Level Inspection
Water level inspection is preferred to measure and to monitor the water level of the product in order to equalize the level of water for all products [39] . The level inspection has been widely used in many industries over the years. Hence, previous research is reviewed to improvise the previous level inspection. Pithadiya et al. [40] has developed a liquid level inspection system based on infinite symmetrical edge filter (ISEF) detection technique to replace the traditional quality inspection performed by human operator. The process includes of image cropping and normalizing it, or filtering and detecting the image. In obtaining the detection result, the features of the bottle is extracted by calculating the average distance from the center of the ROI. Then, ISEF edge detection (Shen Castan algorithm) technique is applied to detect the liquid level either it shows an overfill or an underfill level using the average distance value. The analysis results show that the proposed technique is better in detecting the overfill and the underfill liquid level. But, this technique is not suitable for the quality image because it will give an oversegment image. Complex computation also become one of the limitation of this technique.
Yazdi et al. [41] has proposed the feature extraction and the edge detection algorithm to inspect fill level and to inspect the cap level in bottling machine. The captured image is going through several image processing steps such as the image enhancement, the segmentation, and the classification. By applying this edge detection technique, the image is segmented into several regions to locate the position of the level and the cap. For liquid level, a vertical and a horizontal reference line technique is used for the detection. The features of the segmented image are extracted and will be used for the classification process. The classification of the liquid level and the cap closure are done by using neural network (NN) technique. This technique proves that it can inspect the liquid level and the cap of bottle accurately. Nevertheless, the lower or the empty liquid level could not be detected and will face too many pre-processing techniques which will reduce the image quality. According to Hies et al. [42] , they suggested the edge detection technique to detect the water level for the real-time system. The process started with the transformation of the captured image into twodimensional (2D) views. From the image, ROI has been selected automatically for analysis. The edge detection technique aims to obtain the edge of the image by assuming the changing intensity pixel of the image. The longest straight line in the image is calculated using Hough Transform technique in order to detect the lines of the water level. The experimental results show high accuracy and reliable to be used for the water level detection system. The disadvantages of this technique as it required a large memory size and it also give a misleading result because of the unsuitable technique used for segmentation process.
Dave and Hadia [43] has developed an automated liquid level and the cap closure inspection system using the image processing technique to automate the filling water system in the beverage industry. In orer to determine the proper segmentation, the captured image is filtered for noise reduction and the contrast enhancement is applied too, will increase the quality of the image. Color cropping technique is used by selecting a designated area of the image. The comparison of color range and the captured image is done to detect the liquid level. The detection of the cap's position is inspected based on the vertical and the horizontal reference line. The condition of the bottle cap either presentable or no presentable cap or no proper cap detected by using RGB matrix technique. This technique demonstrated precise detection of the liquid level and of the cap and thus, is suitable to be used for beverage application. The limitation of this technique is it could not segment it properly when the noise is spotted in the image.
Sharma et al. [44] proposed the automated bottle inspection system for the empty and the filled water in the manufacturing process. The automated system is implemented to overcome the problems created from the manual inspection due to its limitations. The process is classified into three types of inspections which covers the empty bottle shape inspection, the top and the bottom inspection, the fill level inspection and the cap placement inspection. For the empty bottle shape inspection, the morphological opening technique is used to remove the small noise in the image and to draw the line of the bottle shape. Then, the boundary of the bottle is extracted and calculated to determine the defective area. The Hough transform and the canny edge technique are applied for the top and the bottom inspection in order to find and to detect the circle edge in the image. The fill level and the cap placement inspection use the same technique which is the canny edge detection which offers sharp edge detection. The average accuracy of this system is 92%. However, this system needs a large memory of size and it takes longer time to finish all the image analysis process. An example of the level defect detection is illustrated in Figure 4 . Table 3 
DEFECT DETECTION TECHNIQUES
Defect detection techniques is one of the segmentation process that becomes the most important steps in image analysis [45] . Generally, the main function of the segmentation is to reduce and to compress the image information for easy analysis of the image [46] . Image segmentation can be classified into two categories of techniques which are the thresholding-based technique and the clustering-based one. The thresholding-based technique is divided into two classes which are the global thresholding and the local thresholding. The global thresholding can be set manually or automatically but the local thresholding is determined by calculating the local intensity of each pixel of the different threshold value [47] . The clustering technique is mainly applied for image analysis of high-dimensional measurement patterns. It is used to group the pixels of the image that consists of similar features [48] . This research focuses on three types of quality inspection inclusive of the shape, the color and the level of the image bottle.
Shape Defect Detection Techniques
The popularity of the shape defect detection technique in the image processing is increasing after the edge-based segmentation is introduced in the early 90's. By partitioning the image plane, the specific object of a specific area in the image can be observed [49] . The capability of the shape defect detection technique, in detecting the complex surfaces such as sphere, linear extrusion, and helix makes these techniques become a common in many applications [50] . The shape defect detection techniques i.e., the adaptive thresholding [51] , the morphological operation [52] and the local standard deviation (LSD) [53] are presented in this research for the development of the product quality inspection system.
A. Adaptive Thresholding
An adaptive thresholding technique uses the local threshold value to segment the image [54] . The local threshold value of each pixel in the image is depending on the intensity of the neighbouring pixel [55] . A study by Peuwnuan et al. [56] stated that they implemented the image thresholding concept to classify the image pixels either in dark or in light. The pixel distribution of the images is divided into two values in order to obtain the level of gray, black and white in binary form [32] . The image intensity value which has above threshold value is characterized as a foreground value and the remaining pixels is a background value. The minimization of the variance sum of two levels as the threshold value for each image can give a better accuracy during segmenting the object [57] .
Saad et al. [51] applied the adaptive thresholding technique to detect and to classify brain lesion based on diffusion-weighted imaging (DWI). The result analysis shows that this technique provides a higher performance in terms of segmentation for hyperintensity lesions. Besides, this adaptive thresholding has a lower illumination effect when varying lighting condition and when doing changing background [58] . Roy et al. [59] applied hybrid technique by combining the adaptive thresholding technique with the optimal technique in order to improve the results of the experiments. According to Zhao et al. [60] the adaptive thresholding is ineffective during processing at the intersection with many lines due to the incomplete shape assumption. Moreover, it could not give a good segment for the image which has a high-intensity area.
B. Morphological Operation
The morphological operation technique is widely adopted in many applications i.e. the mobile photogrammetric systems, the sewer pipes detection system and the industrial object detection [61] . Ritchey [52] in his study summarized the morphological analysis in image processing wherein focusing on the object arrangement and the structure. The analysis using the morphological operation technique required conversion of the images in the binary and in grayscale form. From the set of mathematical formulation using lattice algebra and integral, the gray levels of an image in pixel (on a scale of 0 -255) between dark and bright regions are separated from the threshold value [62] , [63] . In addition, selecting the appropriate neighbor shape is required for the morphological operation technique to identify specific shape of the image [64] .
In characterizing the iris region for biometric application, Mira and Maye [65] discovered a morphological operation technique and it has shown advantages in term of low computational complexity. The flexibility of hardware integration put this technique as suitable tool for the real-time monitoring system. The difficulty in selecting the optimum threshold value became a drawback for this technique. In addition, over-segmentation can cause inaccurate results for shape detection [66] . Pesaresi and Benediktsson [67] employed the morphological operation technique in detecting the complex satellite image. In experiment, the result shows a low accuracy achievement when they are using a high-resolution image. Therefore, the multiscale morphological operation is proposed to reduce the over-segmentation problem. However, this operation will leads to high computational complexity.
C. Local Standard Deviation
The contrast enhancement which is applied in the image has used the intensity modification approach to remove the noise and the uneven brightness presented in the image [68] . This contrast enhancement can be divided into two categories which are global contrast enhancement and local contrast enhancement. The global contrast enhancement is used in many applications that increase the image quality; but the local contrast enhancement is implemented to acquire detailed information of an image [69] . The local standard deviation (LSD) is one of the local contrast enhancement technique used to improve the lowquality image which has low contrast image. LSD is applied to adjust the amplification coefficient and to obtain higher enhancement in low contrast areas and low enhancement areas at high contrast areas [70] .
The capability of LSD in using the local contrast enhancement to analyze the image makes it suitable to be employed in various application. Noise reduction in the image is the main advantage of this technique. Singh and Kumar [53] used the combination of the global and the local contrast enhancement to enhance the low contrast image. The local contrast enhancement using LSD technique shows its capability to remove noise in the image while the contrast enhancement is obtained from the removal of the divided by zero condition. The divided by zero condition is removed in order to increase the contrast enhancement level for different region and the result is a clear image with low noises [71] . This technique showed a fast and an effective contrast enhancement. However, the higher complexity the analysis makes, the image become longer [72] . In addition, some of the image pixels may get result in the LSD's as 0's if the smooth and the high-quality image is applied. But, this limitation can be neglected because the output may produce a undesired image [73] .
Colour Concentration Defect Detection Techniques
With the increasing demand for many pattern recognition and computer vision applications, color image processing is a major concern of the researchers [34] . It is because the color is one of the features which can provide additional information and can be used for the further image analysis process [74] . The color detection technique is applied in the image in order to detect and to classify different types of color in the image. In image processing, the color of the image is the combination of three basic colors insitu, which are red, green and blue (RGB) [75] . A variety of color detection technique is proposed in the past decade ago and in order to order and to retrieve information and detect the color of the image. The different color detection technique namely Otsu's thresholding [76] and K-means clustering [77] , [78] are used in previous research in characterizing the image color for image analysis which is important in the automated product quality inspection system.
A. K-Means Clustering
The clustering is a technique which classifies the color of the image by dividing the individual of a population into several groups base on the quantitative comparisons for different population characteristics [75] . The purpose of data clustering is for natural classification, underlying structure, and compression. By combining the K-means to measure the similarities between each group, the image pixel conditions either in low or in high level can be labeled [77] , [78] . In image processing, the K-means clustering technique will analyze the image and generate the superpixel region resulting in a high quality of image feature. However, generating the superpixel images is slow to compute and inefficient in memory. Therefore, Achanta et al. [79] came with a solution which is proposing a new superpixel algorithm namely simple linear iterative clustering. But, K-means clustering technique is still adapted for the classification of the color image. This algorithm will limit the boundary of the images to the desired location and overcome the weakness.
In separating the bone, the fat, the tissue and the background, an analysis base on two-dimensional magnetic resonance images are conducted by [80] using K-means clustering technique. The particular regions are separated with different set of colors such as red, green and blue taken from the selected K value. Hence, it gives an advantage for a reduction for the over and the under-segmentation error. According to Zhang et al. [81] , the improved Kmeans will perform better results hence, makes this technique is selected in the image processing analysis. Likas et al. [82] in their experiment, implementing K-means clustering technique for the different data set such as iris, synthetic and the image segmentation. From the data set, the clustering error is calculated on the number of clusters. At the end of the experiment, the authors conclude that the improper choice at K-means may yield to inaccurate result from high clustering error.
B. Otsu's Thresholding
The Otsu's thresholding is one of the common techniques used in image segmentation application. This technique works under automatic threshold value [83] . It is known as a global thresholding and it depends on the gray pixel value of the image. Based on a review made by [76] , Otsu's thresholding used a comprehensive algorithm to obtain the global optimal threshold of the image. The image is separated into two classes in gray levels which are foreground and the background [84] . The optimal threshold value is automatically chosen by maximizing the weighted sum between class variance pixels [85] . Almisreb and Tahir [86] applied Otsu's thresholding in the pre-processing stage to adjust the contrast and to remove the pupil of the iris image. The result from pre-processing stage shows that the Otsu's thresholding can be adapted and to be used in image analysis.
In a study conducted by [87] Otsu's thresholding, is proposed to segment the image for apple sorting and grading. The optimal threshold will select automatically around the apple boundary to make it produce a better segmentation result [88] . Sindhuri and Anusha [89] suggested Otsu's thresholding to be used for separating document text. It is because Otsu's thresholding is capable to extract the document text from the noisy image background by segmenting the brightness object and removing the darkest object in the image. Otsu's thresholding offers simple algorithm and is an effective technique to segment the noisy image, so it has been used widely in the image segmentation application [90] . Nevertheless, Zhang and Hu [91] analyse thing using the Otsu's thresholding and found out that it is timeconsuming in multilevel threshold selection. This matter can be improvised by adapting the 2D Otsu's adaptive threshold algorithm which can improve time processing during segmentation process [92] .
Level Defect Detection Technique
The level detection technique has played an important role in the bottle filling inspection system in beverage manufacturing industries. The variation of water level is measured in three conditions which are normal, underfill and overfill [41] . While inspecting the level of water, the level detection technique is proposed because it is able to recognize the line of water in three conditions [92] . Each condition of the water level has its own threshold value to be used for detection and for classification process. The Sobel edge detection [93] , the Canny edge detection [94] and the Hough transform [95] are proposed because they are capable to segment the water level accurately [43] , [44] . The level detection technique also become one of the major interest in inspecting the water level for the bottling system.
A. Sobel Edge Detection
The Sobel edge detection is a gradient-based technique that used a derivatives operation to perform the edge detection of the image in xdirection and y-direction. The 2-D pixel array is transferred into statistical data set to enhance and to remove the redundant data which is required by digital image [96] . Generally, it is applied to determine the gradient magnitude at each point of the grayscale image. The calculation of the gradient of image intensity will produce darker or brighter contrast to represent the area of edges [97] . The Sobel operator has used two convolution template mask that consists 3x3 kernels to calculate the approximations for x and y-direction [98] . Based on a comparison of edge detection technique made by [99] , sobel edge detection is adopted because it has simple algorithm and simple processing time.
The advantages of the Sobel edge detection is described by [93] in their studies of shark fish classification. Sobel operator offers simple algorithm and low in computational complexity. Vincent and Folorunso [100] used the same to detect the edge of various types of image. The result shows that it can produce better detection of the edge area with simple computation. Hence, it can be used by the industrial inspection for the edge detection application. The Sobel edge detection also has a limitation in detecting small edges of the image. JinYu et al. [101] employed this detection to detect the edge of the human image. The sobel operator shows the difficulty to remove noise in the image. Hence, it may cause the sobel to be misclassified the edge of the object. In the study made by [102] , the sobel edge detection demonstrate high sensitivity to noise which makes it less accurate to detect the edge of the image.
B. Canny Edge Detection
Another common technique of the edge detection is the canny edge detection. This detection is one of the optimal edge detection and is widely used in the image processing tools. This technique provides convolution filter which can smooth the noise and to detect the edge of the image [103] . For smoothing process, the canny edge detection used a Gaussian mask with two-dimensional pixel array. The Gaussian mask is applied to reduce and to eliminate the noise, thus overcoming the limitation of the sobel edge detection [104] . In detecting the edge of the image, the local maxima of gradient magnitude are computed at each pixel in both directions of x and y. Hence, the edge of the image is identified when the gradient magnitude is above than threshold value [105] . The Canny edge detection is an effective technique too because it can provide adjustable parameter without affecting the pixel value of the image [106] .
Several previous researchers have recommended the canny edge detection because of its capability to detect edge area of the image. According to Ogawa et al. [107] , they proposed the canny edge detection as a detector which offers a good extraction of optimal edges and it can achieve accurate detection of the edge area. Gentsos et al. [108] implemented the canny edge detection for field programmable gate array (FPGA) in detecting the edge of the high-resolution image. The experimental results show that the canny edge detection has obtained high accuracy by eliminating all the unwanted edges and has identified all the significant edges. Besides, the ability to detect the edge of the noisy image makes this technique resistant to a noisy environment [109] . The major drawback of this canny edge detection is its time consuming problem due to its complex computation. Therefore, this technique is difficult to be implemented in the real-time system.
C. Hough Transform
One of the famous statistical technique is Hough transform that generally used for straight line detection [110] . The Hough transform is an automatic detection of lines by estimating the arbitrary shape parameters of its boundary points. This technique involves the conversion of figure point form into a straight-line form. The parameters such as angle of the line and the origin distance is described in parameter space [111] . Besides, the Hough transform used slope-intercept parameters in two-dimensional array to extract the information lines in the image. In order to find the line in the image, three steps need to be done which must be performed in accumulation way, find the peak values, and peak values verification [112] .
The performance of the Hough transform was explained by [113] which has used Hough transform to detect building line and pedestrian. The probabilistic interpretation of Hough-based is applied to assume the value of parameters. Better accuracy in detecting multiple object has been achieved compared to others technique. The promising performance of the Hough transform also has been described by [114] in classifying and localizing human actions. Zhang et al. [95] proposed the Hough transform for the line detection because of its robustness to noise and its capability to detect object line even though without enough information. However, the study conducted by [42] , stated that Hough transform is time consuming due to its complexity in computation. This limitation can be improved by using generalized Hough transform that allows the reduction of time and memory size [115] .
CONCLUSION
The quality of the product using image processing techniques are presented. Vision-based inspection is categorized into two inspections which are the manual inspection and the automated inspection. The manual inspection in the manufacturing process is conducted by human operator while the automatic inspection has used computer vision for product quality classification. As discussed earlier, the performance of the manual inspection can be affected by many factors which make this type of inspection is inefficient to be used in manufacturing industry. Therefore, the automated inspection is proposed to overcome the limitation of the manual inspection.
A number of studies on product quality inspection techniques were reported for the development of real-time monitoring system. The studies are a focus on the inspection for shape, color and level in determining the defect on the beverage product. An accurate, low cost, fast speed and multi-function system are needed for a quality inspection standard. Based on the review from previous researchers, the inspection system is developed only to inspect the product quality either for the shape, the color or the level of the product. Thus, the system makes it less efficient and not reliable to be implemented in inspecting the quality of the product. For some reasons, the system is less capable of classifying the defect on the product because of the inappropriate technique was chosen.
The common techniques were presented by the previous research such as the adaptive thresholding and the morphological operation for the shape detection technique. Both techniques provide better segmentation result, but it has difficulty to segment the important edges or the region because the optimal threshold value could not be obtained. Therefore, LSD is proposed to improve low contrast image in order to get a good result of segmentation. In addition, the capability to reduce the noise and the ringing will leads to the high accuracy in segmenting the shape of the beverage product. Meanwhile, a technique based on the color detection technique such as K-means clustering and Otsu's thresholding are introduced to make a comparison for both techniques. K-means clustering technique shows potential to segment the color in the image very well. However, to select a suitable Kvalue has become a limitation to this technique. It is because the inappropriate K-value will produce over-segmentation or under-segmentation of the image. Thus, Otsu's thresholding is proposed to overcome the limitation of K-means clustering technique. The use of histogram analysis has make Otsu's thresholding to be able to separate the object and the background image easily. On the other hand, the optimum threshold value can be obtained automatically and is applicable in the real-time monitoring system. The frequent techniques for the level detection of beverage product are the sobel edge detection, the canny edge detection and the Hough transform. These techniques have a promising a good result of edge area detection. Nevertheless, the sobel edge detection could not give a well segmentation for the noisy image while the canny edge detection is very time-consuming due to the complex computation. Hence, the Hough transform is suggested because of its capability to detect the level of water accurately. The simple algorithm makes this technique process the image in a very short of time. Thus, it is a reliable and an effective technique to be used for the beverage manufacturing industries. Ministry of Higher Education (MOHE), Malaysia for sponsoring this work under project
